Coupling gel was applied to optimise contact. The relevant vessel was located and spectral analysis acquired with a 1.5 mm sample gate (1.2 mm when applied to PCA) after correcting for the Doppler angle where necessary. For PCAs, this angle was assumed to be 0° since we were unable to image an adequate length of these vessels. The OA was studied immediately after it crossed the optic nerve on its medial side, CRA and CRY 2-4 mm posterior to the optic disc within the substance of the optic nerve, and NPCA and TPCA within 5 mm of the posterior wall of the globe on the nasal and temporal sides of the optic nerve respectively. Both eyes were assessed in succession over 30 min. This examination was repeated 22-26 h later with reference to the initial scan in order to best approximate the site of measurement and direction of gaze.
Mean values of the peak systolic velocity (PSV) ( Subjects for the main body of the study were recruited from patients referred to the vascular surgery unit and ultrasound department. A total of 38 patients (27 men, 11 women; age range 53-83 years), consented to participate of whom 15 were being treated conservatively and classified as the non-operative group. Only one of these patients had symptoms of cerebral ischaemia. The remaining 23 subjects proceeded to unilateral internal carotid artery endarterectomy and one to a common carotid endarterectomy. There were three exclusions from this group, The first withdrew following a post endarterectomy wound infection, a second patient had a more than 20% decrease in blood pressure on the follow up visit, and the final subject was excluded after a vessel was misidentified as the OA on the pre-operative scan.
Of the 20 patients 9 were asymptomatic, 4 presented with amaurosis fugax and 7 with transient ischaemic attacks.
Each subject in the non-operative group had two ocular CDU scans performed 7 (mean) weeks apart. A protocol similar to that described above was applied on both visits. Every subject had the velocities in the OA, CRA and CRY measured and, in addition, seven had the NPCA assessed. TPCA was excluded as it was the least reproducible in our hands. There was a median of 9 weeks between the carotid duplex scan, which detected an average stenosis of 75%, and the initial ocular scans.
In addition, an ophthalmic examination was conducted routinely. Visual acuity was determined with a Snellen chart at 6 m and intraocular pressures measured using a Goldmann applanation tonometer. All operative subjects had had carotid duplex scans on entry to the study with an average stenosis of 81 % and a range of 50-95% on the operated side. Doppler gradin& of carotid stenoses ( Table 1 ) was based on criteria of Gerraty et al.14 The time span between the pre-operative carotid duplex and ocular scans ranged from 1 to 39 weeks (median 12 weeks). In 16 patients ocular COU was done within a fortnight before surgery. Post-operative readings were obtained an average of 6 weeks following the procedure. One patient had had a vitrectomy for phacolytic vitritis 21h weeks prior to the second assessment. Every subject had the velocities in the OA (Fig. 2) , CRA and CRY measured and, in addition, 13 had the NPCA assessed. Ophthalmic assessment as described above was also conducted. Intraoperative internal carotid artery systolic pressures were determined after the arteries had been exposed and the external and common carotid arteries clamped. A 21G butterfly needle connected to a transducer was then inserted into the common carotid artery distal to the clamp.
Results

Nonnal subjects
The most reproducible criteria in the normal subjects were the RI and PSV in all vessels except the TPCA (Table 2 ). In the remaining four vessels, the PSV and RI coefficients were close to or less than the arbitrary 10% threshold. Every vessel was detectable in these participants.
Non-operative vascular patients
Reproducibility in the group of non-operative vascular patients is shown in Table 3 . The RI was again the most reproducible parameter, especially when derived from arterial measurements. However, the PSV was only Post-operative PSV was 59.S cmls.
moderately reproducible, with CV approximating 20%, 2-3 times that of healthy subjects. Calculations for EOV revealed smaller increases when compared with the first group. We were unable to obtain measurements of the NPCA in two of the seven patients in whom this was attempted.
Correlations between measurements
Eleven non-operative and 15 pre-operative subjects were examined for a correlation between pressure readings by ophthalmodynamometry and OA, CRA and CRY velocities in a total of 52 eyes and NPCA in 27 eyes.
Spearman's rank correlation demonstrated a significant relationship between ophthalmodynamometry and only one parameter: the V max in the CRY (rs = -0.293;
Operative vascular patients
There was no significant correlation between systolic intraoperative internal carotid artery stump pressures and pre-operative COU parameters in 18 operative vascular patients.
On the operated side, the median PSV in every vessel studied rose following surgery ( Table 4) There were minor elevations in the CRA perfusion pressure on both sides after surgery, neither of which was statistically significant (Table 5) . Measurements were performed on 16 patients but a pre-operative measurement in one eye (non-operated side) was not possible due to active vitritis.
Discussion
The preliminary study involving healthy normal subjects established that it is possible to achieve adequately reproducible results, in especially the RI and PSV.
Consistent with other studies we had most difficulty Abbreviations as in Table 2 .
with the PCAs due to the anatomical characteristics of this group of vessels.6,9 However, a CV of 6.8% for the NPCA resistive index suggests that attempts at measurements in these arteries may provide useful data.
The marked difference in reproducibility between the NPCA and TPCA may be explained by the fact that the majority and largest short PCAs pierce the sclera on the temporal side of the optic nerve. IS Greenfield and associates noted that there was no significant difference between velocities in the NPCA and TPCA.13 Therefore, for subsequent stages in our study, we opted to look at the NPCA as it had the better reproducibility. flow beyond the sensitivity of current CDU equipment.
However, in the subgroup of patients who underwent surgery, the mean pre-and post-operative PSVs on the non-operated side remained the same. The variation appeared to be less than in the reproducibility studies.
There was little difference in the mean velocities between this group and the healthy participants in our study and that of Greenfield et al. 13 The RI was higher in the CRA, NPCA and CRY. 
Pre-op Post-op Operative side Fig. 7 . Changes in RI of the nasal posterior ciliary artery on the operated side before and after surgery. There was no significant difference between the pre-and post operative values. However, one patient demonstrated a 75% and 70% increase on the operated and non-operated sides respectively. In another, the NPCA on the side of surgery that was not detectable before the procedure, was easily seen with normal PSV following surgery.
Hu and co-workersll noted that RI values decreased (although not to a statistically significant degree) as the degree of carotid stenosis worsened. Our findings have
shown that the converse is true, that is, relieving carotid stenosis actually results in an increase in the arterial RI on the operated side. This lends support to the suggestion that alterations in resistance upstream from the site of measurement do influence the RI. However, the CRY RI seems to be spared from this effect.
In conclusion, our findings suggest that reproducibility of ocular CDU in patients with arteriopathic disease is probably not as good as in healthy subjects studied by ourselves and at other centres. Carotid endarterectomy in patients without signs of pre-existing ocular ischaemia, causes an increase in the OA PSV and RI of the OA, CRA and NPCA.
Further study is needed to assist in defining the category of patients with ophthalmic hypoperfusion secondary to carotid artery stenosis or occlusion who will benefit most from a surgical approach. 
